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Abstract
We study anomaly mediation models with gauge mediation effects from messengers which
have a general renormalizable mass matrix with a supersymmetry-breaking spurion. Our
models lead to a rich structure of supersymmetry breaking terms in the visible sector. We
derive sum rules among the soft scalar masses for each generation. Our sum rules for the first
and second generations are the same as those in general gauge mediation, but the sum rule for
the third generation is different because of the top Yukawa coupling. We find the parameter
space where the tachyonic slepton problem is solved. We also explore the case in which gauge
mediation causes the anomalously small gaugino masses. Since anomaly mediation effects on
the gaugino masses exist, we can obtain viable mass spectrum of the visible sector fields.
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1 Introduction
Supersymmetry (SUSY) is one of the promising candidates for physics beyond the standard
model. It can solve the hierarchy problem on the Higgs mass. In addition, the standard model
gauge couplings are unified at a high-energy scale in the minimal supersymmetric extension
of the standard model (MSSM). Moreover, the lightest supersymmetric particle (LSP) is a
strong candidate for the dark matter in our universe.
If SUSY is realized in nature, it must be broken at an energy scale above the weak scale.
We usually leave its dynamics to the hidden sector different from our visible sector. Anomaly-
mediated supersymmetry breaking [1, 2] is one of the attractive mechanisms to transmit the
SUSY breaking of the hidden sector into the visible sector fields without flavor problems. In
anomaly mediation, the SUSY breaking in the hidden sector is encoded in the F-component
of the superconformal compensator φ = 1 + θ2〈Fφ〉. The soft SUSY breaking parameters
in the visible sector are given by the 1-loop suppressed form of the parameter 〈Fφ〉. The
gravitino naturally has O(10) TeV of a mass. Unfortunately, anomaly mediation suffers from
the problem that the slepton masses become tachyonic. Then, we need to modify the original
form by some additional effects in order to obtain a successful model [3, 4].
On the other hand, in gauge-mediated supersymmetry breaking [5, 6], the SUSY breaking
of the hidden sector is transmitted into the visible sector by the standard model gauge inter-
actions. As in anomaly mediation, the unwanted flavor-changing processes are suppressed due
to the flavor blindness of the gauge interactions and hence gauge mediation is also considered
to be a promising mediation mechanism of the SUSY breaking. However, in gauge mediation,
we often encounter the anomalously small gaugino masses compared to the scalar masses. In
this case, we cannot obtain O(1) TeV of the gaugino masses and the scalar masses at the same
time.1 That may cause a hierarchy problem, again.
Both anomaly mediation and gauge mediation are quite interesting, but both may have
problems. In particular, the pure anomaly mediation has the problem in the slepton sector,
while gauge mediation may have the problem in the gaugino masses. Then, a natural approach
to these problems would be to mix anomaly mediation and gauge mediation [3, 11, 12, 13, 14].
The contributions to the soft masses from anomaly mediation and gauge mediation can be
naturally comparable when we derive the mass scale of the messengers of gauge mediation
from the parameter 〈Fφ〉. The tachyonic slepton problem in the pure anomaly mediation
can be cured by the contribution from gauge mediation while the anomalously small gaugino
masses can be enhanced by the anomaly mediation contribution.
1The anomalously small gaugino mass problem can be seen in direct gauge mediation models [7, 8] (see
also [9]) and semi-direct gauge mediation models [10].
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In this paper, we extend the model of [12], which mix anomaly mediation and gauge
mediation, to models with the following generalized fermion mass matrix of the messenger
fields [15]:
Lmess =
∫
d2θ φMij(X)ψiψ˜j + h.c. =
∫
d2θ φ(λijX +mij)ψiψ˜j + h.c., (1.1)
where X = 〈X〉 + θ2〈FX〉 is a SUSY breaking spurion and λij , mij are constant matrices,
which are in general independent of each other. The fields ψi, ψ˜j (i = 1, · · · , N) denote the
messengers which belong to the (anti-)fundamental representations under the SU(5) group
into which the standard model gauge symmetry is embedded. We can further generalize the
messenger sector such that the superpotential has the doublet/triplet splitting as follows:
L′mess =
∫
d2θ φ
[
M2ij(X)ℓiℓ˜j +M
3
ij(X)qiq˜j
]
+ h.c.
=
∫
d2θ φ
[
(λ2ijX +m2ij)ℓiℓ˜j + (λ3ijX +m3ij)qiq˜j
]
+ h.c.,
(1.2)
where ℓi, ℓ˜j and qi, q˜j are SU(2) doublets and SU(3) triplets of the messengers respectively.
We here take this general case with some conditions for simplicity. In this model, we study
the soft mass spectrum of the model and identify the LSP.
The rest of the paper is organized as follows. In section 2, we will present our model
which gives the messenger mass matrices (1.1), (1.2) and analyze the soft mass spectrum of
the visible sector fields. In section 3, we will show the numerical analyses of the soft masses.
In addition, we will derive sum rules among the soft scalar masses for each generation. In
section 4, we will conclude the discussions.
2 Generalities
In this section, we first show a model which leads to the messenger mass matrix (1.1), (1.2)
and analyze its vacuum structure, following the discussion of [12]. Then, we present the
soft mass formulae of the visible sector fields derived from anomaly mediation and gauge
mediation.
2.1 The models
In addition to the usual canonical Ka¨hler potential, we consider the following terms in La-
grangian of the messenger fields ψi, ψ˜j and the singlet field S:
∆L =
∫
d4θ
φ†
φ
(
1
2
cSS
2 + cPijψiψ˜j
)
+
∫
d2θ
[
λS
3!
S3 + λPijSψiψ˜j
]
+ h.c., (2.1)
2
where cS, λS, cPij and λPij are the real coupling constants. Here, we assume that the quadratic
terms of ψi, ψ˜j and S are absent.
2 From the above Lagrangian, the scalar potential of this
model is given by
V =
∣∣∣∣cS〈F †φ〉S + 12λSS2 + λPijψiψ˜j
∣∣∣∣
2
+
∣∣∣(cPij〈F †φ〉+ λPijS
)
ψi
∣∣∣2 + ∣∣∣(cPij〈F †φ〉+ λPijS
)
ψ˜j
∣∣∣2
+ |〈Fφ〉|
2
(
1
2
cSS
2 + cPijψiψ˜j
)
+ h.c.
(2.2)
We next consider the minimization of this potential. We assume that the messenger fields
ψi, ψ˜j stabilize at the origin of their field space, 〈ψi〉 = 〈ψ˜j〉 = 0 to preserve the standard
model gauge symmetry. The expectation values of S and FS on the minimum of the potential
are then given by3
〈S〉 = −
〈Fφ〉
2λS
(
3cS +
√
cS(cS − 8)
)
,
〈FS
S
〉
=
〈Fφ〉
4
(
−cS +
√
cS(cS − 8)
)
.
(2.3)
Note that this vacuum is the global minimum of the potential in a certain parameter range.
Then, these vacuum expectation values lead to the following mass term for the messenger
fields ψi, ψ˜j :
L′mess =
∫
d2θ φ
(
Mij + Fijθ
2
)
ψiψ˜j , (2.4)
where we define
Mij = 〈Fφ〉cPij + 〈S〉λPij,
Fij = −2〈Fφ〉Mij + (〈Fφ〉〈S〉+ 〈FS〉)λPij.
(2.5)
Note that the matrix Mij is not proportional to the matrix Fij in general. Thus, we can
obtain the form of the mass term of the messengers (1.1). The messenger scale is naturally
the same order as the scale 〈Fφ〉 when all the couplings in the model are of O(1) and hence
the anomaly-mediated and the gauge-mediated contributions are comparable. If we tune the
parameters, we can realize the cases where the effect of anomaly mediation is dominant or that
of gauge mediation is dominant. Since the vacuum we consider here is the global minimum
2We can forbid these terms by a discrete R symmetry such as S(θ) 7→ −S(iθ), ψi(θ) 7→ −ψi(iθ), ψ˜j(θ) 7→
−ψ˜j(iθ) with the other fields even [12].
3See [12, 13] for a detail of the potential analysis. In [13], it is pointed out that there is a UV divergent
1-loop linear term of S. However, such a term does not affect our results, because we parametrize 〈S〉 and
〈FS〉 for our phenomenological purpose.
3
of the potential (2.2), we may worry about the consistency with the discussion of [8] where
the pseudomoduli space of the SUSY breaking vacuum cannot be locally stable everywhere
in order to generate sizable gaugino masses in direct gauge mediation. However, there is
no pseudomoduli space in our set-up and hence the discussion of [8] cannot be applied as
discussed in [9]. In this case, we can obtain sizable gaugino masses in the global minimum of
the potential. The models discussed in [9, 16, 17] with the minimal gauge mediation [18] have
the messenger sector separated from the SUSY breaking sector and they have the additional
messenger gauge interaction (or the nonrenormalizable interaction in the Ka¨hler potential)
between these two sectors. Then, these models do not have a pseudomoduli space in the
messenger sector and realize sizable gaugino masses in the global vacuum. In the present
set-up, the messenger gauge interaction in the models of [9, 16] is replaced to the interactions
of the conformal compensator field φ with the messenger sector fields. Then, the SUSY
breaking in the messenger sector mediated by the compensator can generate nonzero leading
order gaugino masses in the global minimum of the potential.
We here comment on the difference between the model in [15] and our set-up. In the model
of [15], the nontrivial R-charge assignment on the SUSY breaking field X and the messenger
fields ψi, ψ˜j restricts the determinant of the matrix M(X) to the following form:
detM = XnG(m, λ), n =
1
R(X)
N∑
i=1
(2−R(ψi)− R(ψ˜i)), (2.6)
where G(m, λ) is some function of the coupling constants m, λ and R(X), R(ψi), R(ψ˜j) are
the R-charges of the fields X,ψi, ψ˜j . Then, when we introduce the doublet/triplet splitting
into the messenger sector but take the same R-charge assignments of the SU(2) doublet and
SU(3) triplet parts of the messengers, the following GUT relation among the gaugino masses
is preserved:
M1 :M2 :M3 = α1 : α2 : α3, (2.7)
where M1,M2,M3 are the masses of the bino, wino and gluino fields respectively. On the
other hand, in our model, any condition is not imposed on the coupling constants cS, λS, cP ij
and λP ij . Then, we have the general messenger mass matrix M(X) and the determinant.
Thus, in general, we do not have the above relation of the gaugino masses when we introduce
the doublet/triplet splitting in the messenger sector. We can realize various ratios between
the gaugino masses in our model. For simplicity, in order to analyze numerically spectra of
our models in section 3, we require the same structures for the mass matrices of the SU(2)
doublet and SU(3) triplet messengers ℓi, ℓ˜j and qi, q˜j and preserve the GUT relation among
the gaugino masses.
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2.2 The soft mass formulae
We next show the formulae of the soft mass parameters of the visible sector derived from the
anomaly mediation effects and the gauge mediation effects of the messengers whose fermion
mass matrix is given by (1.1). First, we calculate the gaugino masses which can be read off
from the holomorphic gauge coupling τ dependent on the spurion chiral superfield X and the
compensator chiral superfield φ. We can write the gaugino mass as the following form:
Mλ =
i
2τ
(
∂τ
∂φ
∣∣∣
φ=1
Fφ +
∂τ
∂X
∣∣∣
X=〈X〉
FX
)
. (2.8)
The holomorphic gauge coupling at a scale µ below the messenger scale is given by
τ(µ) = τ0 + i
b′
2π
log
1
Λ
−
i
2π
log detM+ i
b
2π
log
µ
φ
, (2.9)
where b′ is the β function coefficient of the theory including the messenger fields while b is
the β function coefficient in the effective theory below the mass scale of the messengers. The
constant Λ is the cutoff scale of the model and τ0 is the value of the coupling at that scale.
Inserting this expression of the holomorphic coupling into (2.8), the gaugino mass is given by
Mλ =
α
4π
(
bFφ +
∂
∂X
log detM
∣∣∣
X=〈X〉
FX
)
, (2.10)
where α ≡ g2/4π. The first term is considered to be the anomaly-mediated contribution and
the second term is the gauge mediation contribution.
We next derive the soft scalar mass of the matter field in the visible sector, which can be
read off from the wavefunction renormalization factor,
Z = Z
(
µ
Λ|φ|
,
|X|
Λ
)
, (2.11)
which is the function of the combinations of µ/Λ|φ| and |X|/Λ. Then, the soft scalar mass of
the matter field can be expressed as follows:
m2Q = −
1
4
∂2 logZ
∂(log µ)2
|Fφ|
2 −
1
4
∂2 logZ
∂(log |X|)2
∣∣∣∣FXX
∣∣∣∣
2
+
1
4
∂2 logZ
∂ logµ∂ log |X|
Fφ
F †X
X†
+ h.c.
(2.12)
The first term is considered to be the anomaly-mediated contribution and here we can replace
the derivative of the compensator field φ to the derivative of the scale µ because of the factor
dependence of the wavefunction renomalization factor (2.11). The second term is the gauge-
mediated contribution. The rest terms are the mixing terms of both contributions and hence
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the final result of the soft scalar mass is not the simple sum of the anomaly-mediated effect
and the gauge-mediated effect. We deal with three contributions to the soft scalar mass one
by one. The first term of the anomaly-mediated contribution can be rewritten in terms of the
anomalous dimension γ and the β function at the scale µ such as
−
1
4
∂2 logZ
∂(log µ)2
|Fφ|
2 = −
1
4
(
∂γ
∂g
βg +
∂γ
∂y
βy
)
|Fφ|
2 , (2.13)
where y is the Yukawa coupling. At the 1-loop order, the anomalous dimension and the β
functions of the gauge coupling and the Yukawa coupling are given by
γ =
1
16π2
(
4C2g
2 − ay2
)
,
βg = −
bg3
16π2
,
βy =
y
16π2
(
ey2 − fg2
)
,
(2.14)
where C2 is a quadratic Casimir and other coefficients in the above expressions are summarized
in the Appendix. Next, we consider the rest of the terms in (2.12). Here, we can ignore the
X dependence of the Yukawa coupling in the above expression of the anomalous dimension
γ. We assume that the mass eigenvalues of the messenger fields are the same order and take
a common messenger scale Mmess. Then, we finally obtain the following soft scalar mass at
the messenger scale Mmess:
m2Q =
[
2bC2
( α
4π
)2
+
1
2
a
y2
(4π)2
(
e
y2
(4π)2
− f
α
4π
)]
|Fφ|
2
+ 2C2
( α
4π
)2∑
i
(
∂ log |ai|
∂ log |X|
)2 ∣∣∣∣FXX
∣∣∣∣
2
+ 2C2
( α
4π
)2 ∂
∂ log |X|
log |detM|Fφ
F †X
X†
+ h.c.,
(2.15)
where ai is the eigenvalue of the messenger mass matrixM. In appendix, we write down the
explicit soft masses of the MSSM fields. In the next section and Appendix, we set only the
top Yukawa coupling yt non-vanishing, but the other Yukawa couplings vanishing.
3 Spectrum and phenomenology
In this section, we show the soft mass spectrum in the MSSM numerically by using the formula
shown in the previous section. We investigate two cases where the leading contribution to
the gaugino mass from gauge mediation is zero or nonzero. We also give a comment on the
µ-term and B-term.
6
3.1 Numerical analyses
As discussed in the introduction, the messenger fields generally do not form complete SU(5)
multiplets as far as they preserve the unification of the standard model gauge couplings. The
SU(2) doublet and SU(3) triplet parts of the messengers can have different supersymmetric
masses and SUSY breaking mass splittings. We here consider this general situation and
take the different couplings c2P ij, c
3
P ij and λ
2
P ij, λ
3
P ij for the doublet and triplet parts of the
messenger fields to obtain the general spectra of the visible sector fields. Then, we have five
continuous parameters Fφ,Λ
2
g,Λ
3
g,Λ
2
X,Λ
3
X defined as follows:
Λ2,3g =
∂
∂X
log detM2,3
∣∣∣
X=〈X〉
FX ,
(Λ2,3X )
2 =
∑
i
(
∂ log |a2,3i |
∂ log |X|
)2 ∣∣∣∣FXX
∣∣∣∣
2
+
∂
∂ log |X|
log |detM2,3|Fφ
F †X
X†
+ h.c.
(3.1)
where the upper indices 2, 3 represent the doublet and triplet contributions and a2,3i denote
eigenvalues of the messenger mass matrix of doublet and triplet messenger fields M2,3. For
simplicity, here we assume Λ2g = Λ
3
g and denote them as Λg(= Λ
2
g = Λ
3
g) to parametrize
the gaugino masses. It is straightforward to extend the following numerical analysis to the
case with Λ2g 6= Λ
3
g. We can set the overall scale by the scale Fφ and express all the soft
mass parameters as functions of dimensionless parameters r1 ≡ Λg/Λ
2
X , r2 ≡ Λ
2
X/Fφ and
r3 ≡ Λ
3
X/Fφ.
Before numerical analysis, we comment on sum rules of the soft scalar masses. For each of
three generations, the sfermion masses at the messenger scale satisfy the following sum rules,
Tr (B − L) m2 = 2m2
Q˜
−m2
U˜
−m2
D˜
− 2m2
L˜
+m2
E˜
= 0. (3.2)
In addition, the following sum rule:
Tr Y m2 = m2
Q˜
− 2m2
U˜
+m2
D˜
−m2
L˜
+m2
E˜
= 0, (3.3)
is also satisfied for each of the first and second generations. These sum rules are the same as
those derived in general gauge mediation [19].4 The latter sum rule (3.3) is violated in the
third generation because of effects from the top Yukawa coupling. Thus, our parameter space
is different from one of general gauge mediation. Instead of the above sum rule, the sfermion
masses in the third generation satisfy the following sum rule,
m2
Q˜
− 2m2
U˜
+m2
D˜
−m2
L˜
+m2
E˜
+m2H2 −m
2
H1 = 0. (3.4)
4 These sum rules have also been derived in the context of various SUSY breaking models [20].
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These sum rules have corrections due to renormalization group (RG) effects between the
messenger scale and the weak scale [19, 21]. However, our natural messenger scale is low such
as O(10) TeV. Thus, such RG corrections on the sum rules are small.
Also, we give a comment on the gauge coupling unification. The doublet/triplet splitting
leads to corrections such as log(M2/M3) in the gauge coupling unification. We assume that
c2P/c
3
P = O(1) and λ
2
P/λ
3
P = O(1). That would lead to M
2/M3 = O(1). Then, we assume
that the doublet/triplet splitting would have a sufficiently small effect on the gauge coupling
unification with leading to O(1) of splitting for r2/r3.
In numerical analysis, we take the messenger scale as 10TeV. The soft SUSY breaking
masses are evaluated using the expressions of (2.10) and (2.15), and evolved down to the weak
scale with RG effects. Here we take tan β = 10.
One of the important constraints is the condition to avoid the tachyonic slepton masses,
which always appear in the pure anomaly mediation. The slepton masses squared become
positive for the following parameter region,
1.5r2
2
+ r2
3
& 19, (3.5)
at the messenger scale. There are RG corrections due to the bino mass between the messenger
scale and the weak scale, but such corrections are small and the allowed region does not change
drastically.
In Figure 1, we show the spectrum at the weak scale with r2 = r3. The upper panel
corresponds to the case with r1 = 0, where the gaugino masses are induced only by the pure
anomaly mediation. The lower panel corresponds to the case with r1 = 1, that is, both
anomaly mediation and gauge mediation contribute to the gaugino masses. The red, green
and blue solid lines represent the bino, wino and gluino, respectively. The pink dot, yellow
dash, violet dashdot, brown longdash, gold spacedash and black spacedot lines represent the
soft masses of the left-handed stop Q˜3, the right-handed stop U˜3, the right-handed down-sector
squarks D˜, the left-handed sleptons L˜, the right-handed sleptons E˜ and the up-sector Higgs
H2, where the soft mass of the down-sector Higgs H1 is the same as one of the left-handed
sleptons L˜. In Figure 1, we have omitted masses of the first two generations of the left-handed
squarks Q˜1,2 and the right-handed up-sector squarks U˜1,2. Those are heavier than Q˜3 and U˜3.
In Figures 2, 3 and 4, we take r2 = 2r3, 5r3, 1/2r3, the others are the same as Figure 1.
At the upper panels of Figures, 1, 2, 3 and 4, the gaugino masses are obtained as the
pure anomaly mediation, because of r1 = 0. That is, the wino is the lightest among the
gaugino fields, and the gluino is much heavier. Thus, the LSP is the wino-like neutralino in
the allowed region, where the slepton masses squared are positive (3.5). The next-to-LSP
8
is the chargino and the mass difference between the LSP and the next-to-LSP is small like
anomaly mediation. Squarks are much heavier than other sparticles in the allowed regions.
Obviously, a large value of r3 like r2 = r3/2 in the upper panel of Figure 4 makes squarks
heavier and a small value like r2 = 2r3 and r2 = 5r3 in the upper panels of Figures 2 and
3 make them lighter. The soft scalar mass of H2 behaves non-trivially depending of r2 and
r3. For r2 = r3 and r2 = r3/2 in the upper panels of Figures 1 and 4, the soft scalar mass
squared m2H2 decreases as |r2| increases. For r2 = 2r3 in the upper panel of Figures 2, the
soft scalar mass mH2 is almost constant against r2. On the other hand, for r2 = 5r3 in the
upper panel of Figures 3, the soft scalar mass squared m2H2 increases as |r2| increases. The
soft scalar mass squared m2H2 becomes positive for |r2| & 7.4, while it is always negative in the
other figures. This non-trivial behavior is originated from the negative radiative corrections
due to the stop masses between the messenger scale and the weak scale. The stop masses are
quite heavy in the upper panels of Figures 1 and 4. In particular, they become much heavier
as |r2| increases. They lead to largely negative radiative corrections in m
2
H2
. In the case with
r2 = 2r3 and r2 = 5r3, the stop masses are not heavy compared with the above cases. In
addition, the gauge mediation effect on m2H2 is positive and it increases as |r2| increases. This
leads to the behaviors shown in the upper panels of Figures 2 and 3. For r2 & 2r3, there
appears the parameter region of r2, where m
2
H2
is positive at the weak scale. In such a region,
the successful electroweak symmetry breaking does not occur. Then, we have the excluded
region for a large |r2|.
In the lower panels of Figures 1, 2, 3 and 4, it seems that several masses vary variously
depending on a value of r2 as well as r3. Such a behavior is originated from the fact that
for r1 6= 0 the gaugino masses have contributions due to both anomaly mediation and gauge
mediation, and they vary depend on r1r2 in our parametrization. Varying the gaugino masses
also affect behaviors of the scalar masses through radiative corrections between the messenger
scale and the weak scale. However, such radiative corrections on the slepton masses are very
small and the behaviors of the sleptons in the lower panels of Figures 1, 2, 3 and 4 are almost
the same as the corresponding upper panels, although the squark masses and the up-sector
Higgs soft mass change significantly. That is, the region for the non-tachyonic slepton masses
corresponds to Eq. (3.5). The three gaugino masses, M1,M2 and M3, are proportional to
|r1r2 − 33/5|, |r1r2 − 1| and |r1r2 + 3|, respectively, up to the gauge couplings. As a result,
the gaugino masses, M1, M2 and M3, are very suppressed around r1r2 ≈ 33/5, r1r2 ≈ 1
and r1r2 ≈ −3, respectively. On the other hand, far away from those points, the gaugino
masses, in particular the gluino mass, become heavier. For example, for r1 = 1, those points
correspond to r2 = 33/5, 1 and −3, respectively. Because of this behavior, the wino is heavier
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than the right-handed slepton in most of the parameter space, and the wino can not be the
LSP. When we take a large value of |r1| like |r1| & 2, we would have the parameter region
with the wino LSP. For r2 > 0, the bino is the LSP except the parameter region, where the
slepton has a tachyonic mass or the right-handed slepton is the LSP. On the other hand, for
r2 < 0, the gluino can be the LSP in a narrow region, but in the other region the right-handed
slepton is the LSP. Such a parameter region would be unfavorable. In addition, far away from
the point r2 = −3, the gluino becomes heavier. One can see this behavior by comparing the
upper and lower panels in Figures 1, 2, 3 and 4.
We comment on the squark masses in the lower panels of Figures 1, 2, 3 and 4. The
radiative corrections due to the gluino mass between the messenger scale and the weak scale
are important in the squark masses. Since the gluino mass is smaller for r2 < 0 than one for
r2 > 0, the squark masses are also smaller for r2 < 0 than those for r2 > 0. Note that for
r1 = 0 the squark masses as well as the slepton masses are symmetric under the Z2 reflection
r2 ↔ −r2. Furthermore, a small value of r3 like r2 = 2r3 and r2 = 5r3 also leads to smaller
squark masses as the upper panels of Figures 2 and 3. In particular, the right-handed stop
can have a tachyonic mass in a certain parameter region, as pointed out already in Ref. [12].
Such a parameter region with the tachyonic right-handed stop becomes wider as r3 becomes
smaller like r2 = 2r3 and r2 = 5r3 in the lower panels of Figures 2 and 3. Thus, in these
cases, there is a wide region excluded by tachyonic masses of the right-handed slepton and
the right-handed stop. On the other hand, since far away from the point r2 = −3, the gluino
mass becomes heavier in particular for positive r2, the stop masses also become heavier in
these parameter region. One can see this behavior by comparing the stop and gluino masses
in the upper and lower panels of Figures 1, 2, 3 and 4.
Here, we comment on the up-sector Higgs soft mass in the lower panels of Figures 1, 2,
3 and 4. The behavior of the up-sector Higgs soft mass depends on the stop masses. When
the stop masses of the lower panels of Figures 1, 2, 3 and 4 are similar to those in the
corresponding upper panels, values of m2H2 are similar between the upper and lower panels.
When the stop masses of the lower panels become heavier than those in the upper panels, a
value of mH2 is driven to a negative direction in the lower panels compared with those in the
upper panels. For a large value of |r2| like r2 = 5r3, there is a parameter space with m
2
H2
> 0
in the lower panel of Figure 3, similar to the corresponding upper panel. Thus, the parameter
region is constrained by realization of the successful electroweak symmetry breaking as well
as avoiding the tachyonic slepton and/or stop masses. Indeed, the allowed region corresponds
to 4 . r2 . 15 in the lower panel of Figure 3. To summarize phenomenological aspects shown
in the lower panels of Figures 1, 2, 3 and 4, certain parameter regions are excluded by the
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masses of the right-handed slepton and/or the right-handed stop. In the half of the allowed
region, i.e. r2 > 0, the bino is the LSP, while in the other half r2 < 0 the right-handed slepton
would be the LSP except a narrow region with the gluino LSP.
When we simply compare between the cases with r1 = 0 and r1 = 1, the allowed region
for r1 = 0 is wider than one for r1 = 1. If we take different values of r1, the situation would
change.
We give several representative points in Tables 1 and 2. We take Fφ i.e. the gravitino mass
to satisfy the wino mass bound mW˜ > 100GeV and the bino mass bound mB˜ > 50GeV. The
A-term is induced by the pure anomaly mediation. We also estimate the A-term corresponding
to the top Yukawa coupling. It is found that At is smaller than the stop mass in most
parameter space, so the stop mixing is relatively-small. At all of the points shown in Tables
1 and 2, the stop masses are heavy, so that the lightest Higgs mass is heavy enough to satisfy
the LEP bound mh > 114 GeV.
In the model, which we discussed in section 2, the natural messenger scale would be of
O(10)-O(100) TeV. However, other types of models would lead to a mixture between anomaly
mediation and gauge mediation with different messenger scales [3]. Following such a rather
phenomenological viewpoint, finally we show examples with higher messenger scales. Figure
5 shows the soft masses in the case with r1 = 0 and r2 = r3, which are the same as the
upper panel in Figure 1. The upper and lower panels in Figure 5 correspond to 1010 GeV and
2×1016 GeV as the messenger scale. It seems that the qualitative results except the up-sector
Higgs soft mass are roughly similar to the case that the messenger scale is 10 TeV. One of
the important differences is that the spectrum of the soft scalar masses are rather compact
in the cases with higher messenger scales compared with the case of the 10 TeV messenger
scale, that is, the squarks are lighter in particular for a large value of |r2|. That also affects on
the soft scalar mass of the up-sector Higgs. Because of the lighter stop masses, the soft mass
squared of the up-sector Higgs becomes positive for a large value of |r2|. This situation is
similar to one in the upper panel of Figure 3. Another important point is the long logarithmic
RG running. In particular, the slepton masses receive such a long logarithmic RG running
effect due to the bino mass, and they tend to become positive. Thus, the region excluded by
the tachyonic slepton becomes narrow in Figure 5 compared with one in the upper panel of
Figure 1. Similarly, we can study other values of r1 and r3 for higher messenger scales for a
purely phenomenological purpose.
We have taken Λ2g = Λ
3
g just for simplicity in all of the above analyses. It would be
interesting to study for other values of the ratio, Λ2g/Λ
3
g 6= 1.
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3.2 The µ− Bµ problem
Here, we comment on the µ term and the Bµ term. In our model, it would be simple to
generate the µ term and the Bµ term by the following terms,
∫
d4θcH
φ†
φ
H1H2 +
∫
d2θλHSH1H2 + h.c. (3.6)
Then, we obtain
µ = 〈Fφ〉cH + 〈S〉λH ,
Bµ = −〈Fφ〉µ+ (〈Fφ〉〈S〉+ 〈FS〉)λH .
(3.7)
These are independent of each other because there are two parameters, cH and λH . However,
the natural scale of B would be ofO(Fφ), and such a scale is too large to realize successfully the
electroweak symmetry breaking. For example, when |m2H1 | ∼ |m
2
H2
|, it would be required that
µ2 and Bµ are of the same order. Such a value of µ can be obtained for cH , λH = O(0.1−0.01)
since we assume that 〈Fφ〉, 〈S〉 = O(10) TeV. However, since the natural scale of B would be
of O(Fφ), we would need a few percent of fine-tuning between cH and λH to realize
µB ∼ µ2, |m2H1 |, |m
2
H2|, (3.8)
that is, the µ−Bµ problem. Each of anomaly mediation and gauge mediation has the µ−Bµ
problem. Obviously, their mixture studied here also has the same problem unless we have
any definite mechanism to cancel out the contributions due to anomaly mediation and gauge
mediation in the Bµ term to lead to a suppressed value of the Bµ term.5
On the other hand, in Figure 3, there is a parameter region, where |m2H2 | ≪ |m
2
H1
|, e.g.
Point 4 in Table 1. When the relation
µ2 ∼ m2H2 ≪ Bµ≪ m
2
H1
, (3.9)
is satisfied, we can realize the successful electroweak symmetry breaking [23, 24, 25], that is,
a large value of B may not be problematic. For example, at Point 4, we have
m2H1(MZ) ≃ 1.61 TeV
2, m2H2(MZ) ≃ −7870 GeV
2. (3.10)
By using
|µ|2 = −
M2Z
2
−
m2H2 tan
2 β −m2H1
tan2 β − 1
, sin 2β =
2Bµ
2|µ|2 +m2H1 +m
2
H2
, (3.11)
5 For example, for the mixture of anomaly mediation and moduli mediation, there is a certain type of
cancellation mechanisms in the Bµ term [22]. We need such a cancellation mechanism in this scenario.
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we obtain
|µ| ≃ 120 GeV, B ≃ 1.4 TeV, (3.12)
e.g. for tanβ = 10. In this case, the fine-tuning to be required between cH and λH is
ameliorated such as O(10) %. However, we need another fine-tuning for r2 to realize |m
2
H2
| ≪
|m2H1 |, unless we have any definite mechanism to set a proper value of r2. Thus, the simple
way to generate the µ term and the Bµ term requires a fine-tuning. We could consider another
way to generate the µ term and the Bµ term [12, 13], where we do not need fine-tuning, but
here we do not pursue further. Finally, we comment on the LSP. One of specific aspects at
Point 4 is that the LSP is higgsino-like, while different points lead to another LSP such as
the bino or wino.
Point 1 Point 2 Point 3 Point 4 Point 5
r1 0 0 0 0 0
r2 3.5 4.0 4.0 7.37 2.5
r3 r2 r2/2 r2/5 r2/5 2r2
m3/2 50TeV 50TeV 50TeV 50TeV 50TeV
mB˜ 462 462 462 462 462
mW˜ 135 135 135 135 135
mG˜ 1430 1430 1430 1430 1430
mQ˜3 2450 1800 1450 1910 3200
mU˜3 1970 1130 465 753 2810
mQ˜1,2 2590 1940 1580 2040 3370
mU˜1,2 2302 1480 970 1260 3180
mD˜ 2530 1820 1430 1624 3340
mL˜(mH1) 586 163 671 1268 412
mE˜ 209 192 166 431 232
−mH2 1375 1020 856 47.5 1790
At 1300 1300 1300 1300 1300
Table 1: We give various representative points at the weak scale in the parameter space with
r1 = 0. For the gaugino masses we take |M |, and for the scalar masses we take |m
2|1/2 ×
sign(m2). The messenger scale is taken to be 10 TeV. All masses except m3/2 are in GeV.
4 Conclusion
We have studied the models that anomaly mediation and gauge mediation are competed.
This mixture can avoid the tachyonic sleptons in a certain parameter space. Our messenger
structure, (1.1) and (1.2), leads to a quite rich pattern of the SUSY breaking terms. Still,
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Point 6 Point 7 Point 8 Point 9 Point 10
r1 1 1 1 1 1
r2 4.0 4.5 4.5 2.5 3.5
r3 r2 r2/2 r2/5 2r2 2r2
m3/2 15TeV 20TeV 20TeV 25TeV 15TeV
mB˜ 54.6 58.8 58.8 144 65.1
mW˜ 122 189 189 101 101
mG˜ 998 1430 1425 1306 926
mQ˜3 961 1070 954 1713 1376
mU˜3 835 875 743 1527 1260
mQ˜1,2 1010 870 1000 1800 1440
mU˜1,2 936 994 856 1710 1400
mD˜ 987 1080 954 1788 1430
mL˜(mH1) 207 310 671 207 185
mE˜ 76.1 91.0 80.2 112 112
−mH2 487 507 441 932 716
At 590 819 819 858 564
Table 2: Same as Table 1, but for r1 = 1.
there are the parameter regions excluded by the tachyonic sleptons, the tachyonic stops or
the positive soft scalar mass of the up-sector Higgs field. It seems that the allowed parameter
space for r1 = 0 is wider than one for r1 = 1. Thus, the models, where the gaugino masses
are generated by the pure anomaly mediation, would be interesting. Obviously, our models
naturally solve the SUSY flavor problem, because of the mixture between gauge mediation
and anomaly meditation. The LSP can be bino-like, wino-like or higgsino-like depending
on the parameters, while the LSP might be the stau or the stop in a certain region. Thus,
we have a dark matter candidate as usual and it would be interesting to study dark matter
physics in our models. The gravitino is heavy such as 〈Fφ〉 ∼ O(10) TeV.
We have studied the model with the 5+ 5¯ messenger fields. We can extend our models by
adding 10 + 1¯0 messenger fields. When we split 10 into (3, 2) + (3¯, 1) + (1, 1) [26], our model
would cover the parameter space corresponding to the general gauge mediation [19] with
anomaly mediation. Those models can lead to much richer structure of the SUSY breaking
terms.
We have derived the sum rules among the soft scalar masses. The sum rules for the
first and the second generations are the same as those in general gauge mediation, but the
third generation leads to the different sum rule. Thus, our parameter space is different
from one in general gauge mediation. It is important to study theoretical implications and
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Q U D L E H1 H2
C1
2
1
60
4
15
1
15
3
20
3
5
3
20
3
20
C2
2
3
4
0 0
3
4
0
3
4
3
4
C3
2
4
3
4
3
4
3
0 0 0 0
a 2 4 0 0 0 0 6
Table 3: The factors C2 and a.
phenomenological aspects of our sum rules.
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A: Summary of the soft parameters
Here, we show the explicit formula of the soft masses in our scenario. The group-theoretical
factors C2 and a are summarized in Table 3. The other coefficients are obtained as
b1 = −
33
5
, b2 = −1, b3 = 3,
f 1 =
13
15
, f 2 = 3, f 3 =
16
3
, e = 6.
(A.1)
In addition, we define
α˜i =
( gi
4π
)2
, Yt =
( yt
4π
)2
. (A.2)
At the messenger scale, the explicit formula of the gaugino masses and the soft scalar
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masses are obtained as follows. The gaugino masses are written by
M1 = α˜1
[
−
33
5
Fφ +
(
3
5
Λ2g +
2
5
Λ3g
)]
,
M2 = α˜2
[
−Fφ + Λ
2
g
]
,
M3 = α˜3
[
3Fφ + Λ
3
g
]
.
(A.3)
The stop masses are obtained as
m2
Q˜3
=
[
−
11
50
α˜2
1
−
3
2
α˜2
2
+ 8α˜2
3
+ Y 2t
(
6Y 2t −
13
15
α˜1 − 3α˜2 −
16
3
α˜3
)]
|Fφ|
2
+
[
1
30
α˜2
1
(
2
5
(Λ3X)
2 +
3
5
(Λ2X)
2
)
+
3
2
α˜2
2
(Λ2X)
2 +
8
3
α˜2
3
(Λ3X)
2
]
,
m2
U˜3
=
[
−
88
25
α˜2
1
+ 8α˜2
3
+ 2Y 2t
(
6Y 2t −
13
15
α˜1 − 3α˜2 −
16
3
α˜3
)]
|Fφ|
2
+
[
8
15
α˜2
1
(
2
5
(Λ3X)
2 +
3
5
(Λ2X)
2
)
+
8
3
α˜2
3
(Λ3X)
2
]
.
(A.4)
The masses for the first and second generations of the up-sector left-handed and right-handed
squarks are obtained in the same form except taking Yt = 0. The right-handed down-sector
squark masses are obtained as
m2
D˜
=
[
−
22
25
α˜2
1
+ 8α˜2
3
]
|Fφ|
2 +
[
2
15
α˜2
1
(
2
5
(Λ3X)
2 +
3
5
(Λ2X)
2
)
+
8
3
α˜2
3
(Λ3X)
2
]
. (A.5)
The slepton masses are obtained as
m2
L˜
=
[
−
99
50
α˜2
1
−
3
2
α˜2
2
]
|Fφ|
2 +
[
3
10
α˜2
1
(
2
5
(Λ3X)
2 +
3
5
(Λ2X)
2
)
+
3
2
α˜2
2
(Λ2X)
2
]
,
m2
E˜
=
[
−
198
25
α˜2
1
]
|Fφ|
2 +
[
6
5
α˜2
1
(
2
5
(Λ3X)
2 +
3
5
(Λ2X)
2
)]
.
(A.6)
The Higgs soft masses are obtained as
m2H1 = m
2
L˜
m2H2 =
[
−
99
50
α˜2
1
−
3
2
α˜2
2
+ 3Y 2t
(
6Y 2t −
13
15
α˜1 − 3α˜2 −
16
3
α˜3
)]
|Fφ|
2
+
[
3
10
α˜2
1
(
2
5
(Λ3X)
2 +
3
5
(Λ2X)
2
)
+
3
2
α˜2
2
(Λ2X)
2
]
.
(A.7)
16
References
[1] L. Randall and R. Sundrum, Nucl. Phys. B 557, 79 (1999) [arXiv:hep-th/9810155].
[2] G. F. Giudice, M. A. Luty, H. Murayama and R. Rattazzi, JHEP 9812, 027 (1998)
[arXiv:hep-ph/9810442].
[3] A. Pomarol and R. Rattazzi, JHEP 9905, 013 (1999) [arXiv:hep-ph/9903448].
[4] Z. Chacko, M. A. Luty, I. Maksymyk and E. Ponton, JHEP 0004, 001 (2000)
[arXiv:hep-ph/9905390]; E. Katz, Y. Shadmi and Y. Shirman, JHEP 9908, 015 (1999)
[arXiv:hep-ph/9906296]; I. Jack and D. R. T. Jones, Phys. Lett. B 482, 167 (2000)
[arXiv:hep-ph/0003081]; M. S. Carena, K. Huitu and T. Kobayashi, Nucl. Phys. B 592,
164 (2001) [arXiv:hep-ph/0003187]; N. Arkani-Hamed, D. E. Kaplan, H. Murayama and
Y. Nomura, JHEP 0102, 041 (2001) [arXiv:hep-ph/0012103].
[5] M. Dine and W. Fischler, Phys. Lett. B 110, 227 (1982); L. Alvarez-Gaume, M. Claudson
and M. B. Wise, Nucl. Phys. B 207, 96 (1982); C. R. Nappi and B. A. Ovrut, Phys. Lett.
B 113, 175 (1982).
[6] For reviews, see G. F. Giudice and R. Rattazzi, Phys. Rept. 322, 419 (1999)
[arXiv:hep-ph/9801271]; R. Kitano, H. Ooguri and Y. Ookouchi, arXiv:1001.4535 [hep-
th].
[7] K. I. Izawa, Y. Nomura, K. Tobe and T. Yanagida, Phys. Rev. D 56, 2886 (1997)
[arXiv:hep-ph/9705228].
[8] Z. Komargodski and D. Shih, JHEP 0904, 093 (2009) [arXiv:0902.0030 [hep-th]].
[9] Y. Nakai and Y. Ookouchi, JHEP 1101, 093 (2011) [arXiv:1010.5540 [hep-th]].
[10] M. Ibe, Y. Nakayama and T. T. Yanagida, Phys. Lett. B 649, 292 (2007)
[arXiv:hep-ph/0703110]; N. Seiberg, T. Volansky and B. Wecht, JHEP 0811, 004 (2008)
[arXiv:0809.4437 [hep-ph]]; M. Ibe, K. I. Izawa and Y. Nakai, Phys. Rev. D 80, 035002
(2009) [arXiv:0812.4089 [hep-ph]]; M. Ibe, K. I. Izawa and Y. Nakai, arXiv:0907.2970
[hep-ph].
[11] A. E. Nelson and N. T. Weiner, arXiv:hep-ph/0210288.
[12] K. Hsieh and M. A. Luty, JHEP 0706, 062 (2007) [arXiv:hep-ph/0604256].
17
[13] Y. Cai and M. A. Luty, JHEP 1012, 037 (2010) [arXiv:1008.2024 [hep-ph]].
[14] R. Sundrum, Phys. Rev. D 71, 085003 (2005) [arXiv:hep-th/0406012].
[15] C. Cheung, A. L. Fitzpatrick and D. Shih, JHEP 0807, 054 (2008) [arXiv:0710.3585
[hep-ph]].
[16] Y. Nomura, K. Tobe and T. Yanagida, Phys. Lett. B 425, 107 (1998)
[arXiv:hep-ph/9711220].
[17] M. Ibe, Y. Shirman and T. T. Yanagida, arXiv:1009.2818 [hep-ph].
[18] M. Dine, A. E. Nelson and Y. Shirman, Phys. Rev. D 51, 1362 (1995)
[arXiv:hep-ph/9408384]. M. Dine, A. E. Nelson, Y. Nir and Y. Shirman, Phys. Rev. D 53,
2658 (1996) [arXiv:hep-ph/9507378].
[19] P. Meade, N. Seiberg and D. Shih, Prog. Theor. Phys. Suppl. 177, 143 (2009)
[arXiv:0801.3278 [hep-ph]].
[20] S. P. Martin and P. Ramond, Phys. Rev. D 48, 5365 (1993) [arXiv:hep-ph/9306314];
A. E. Faraggi, J. S. Hagelin, S. Kelley and D. V. Nanopoulos, Phys. Rev. D 45,
3272 (1992); Y. Kawamura, H. Murayama and M. Yamaguchi, Phys. Lett. B 324,
52 (1994) [arXiv:hep-ph/9402254]; S. P. Martin, Phys. Rev. D 55, 3177 (1997)
[arXiv:hep-ph/9608224]; S. Dimopoulos, S. D. Thomas and J. D. Wells, Nucl. Phys. B
488, 39 (1997) [arXiv:hep-ph/9609434].
[21] J. Jaeckel, V. V. Khoze and C. Wymant, arXiv:1102.1589 [hep-ph].
[22] K. Choi, K. S. Jeong, T. Kobayashi and K. i. Okumura, Phys. Lett. B 633, 355 (2006)
[arXiv:hep-ph/0508029].
[23] C. Csaki, A. Falkowski, Y. Nomura and T. Volansky, Phys. Rev. Lett. 102, 111801 (2009)
[arXiv:0809.4492 [hep-ph]].
[24] K. Choi, K. S. Jeong, T. Kobayashi and K. i. Okumura, Phys. Rev. D 75, 095012 (2007)
[arXiv:hep-ph/0612258].
[25] T. Kobayashi, Y. Nakai and R. Takahashi, JHEP 1001, 003 (2010) [arXiv:0910.3477
[hep-ph]].
[26] M. Buican, P. Meade, N. Seiberg and D. Shih, JHEP 0903, 016 (2009) [arXiv:0812.3668
[hep-ph]].
18
---
-
-
---
-
-
Figure 1: Spectrum of the superpartner masses as a function of r2. We take r2 = r3 and the
messenger scale as 10 TeV. For the gaugino masses we plot |M |, and for the scalar masses we
plot |m2|1/2 × sign(m2) in unit of Λφ.
19
---
-
-
---
-
-
Figure 2: Same as Figure 1, but for r2 = 2r3.
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Figure 3: Same as Figure 1, but for r2 = 5r3.
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Figure 4: Same as Figure 1, but for r2 = 1/2r3.
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Figure 5: Same as Figure 1, but we take the messenger scale as 1010 GeV at the upper panel
and 2× 1016 GeV at the lower panel.
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